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[Title of the Invention] PRODUCTION OF LIQUID CRYSTAL 
DISPLAY ELEMENT AND APPARATUS FOR PRODUCING LIQUID 
CRYSTAL DISPLAY ELEMENT 

[Abstract] 

[Object] to make it possible to rapidly produce, a high 
polymer dispersion type liquid crystal display element 
without the occurrence of unequalness and air bubbles and to 
produce with good reproducibility. 

[Solving Means] Transport electrodes 3, 4 are formed on 
the opposite surfaces of a pair of substrates 1, 2 at least 
one of which has translucency . Sealing material 7, 8 are 
applied on a pair of these substrates 1, 2 in the state of 
providing at least either thereof with a discharge port 11. 
Spacers 9 are fixed and arranged on at least one opposite 
surface of a pair of the substrates 1, 2. Composition 10 of 
a liquid crystal material and a photopolymerizable resin 
material is dropped on one of a pair of the substrates 1, 2 
and a pair of the substrates 1, 2 is superposed on each 
other. The substrate 2 having the translucency is irradiated 
with light in the state of pressing the substrates 1, 2 in 
such a manner that the composition 10 is diffused over the 
entire part between a pair of the substrates 1, 2 to thereby 
cause the phase separation of the liquid crystals and resin 
of the composition 10. The excess composition discharged 
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from the discharge port 11 is removed and the discharge port 

11 is sealed. 

[Claims] 

[Claim 1] A method of producing liquid crystal display 
element, comprising: fixing and arranging a* spacer on at 
least one opposite . surf ace of a pair of substrates at least 
one of which has translucency; dropping composition of a . 
liquid crystal material and a photopolymerizable resin 
material on said one of a pair of substrates ; superposing a 
pair of substrates without sealing part; irradiating the 
substrate having translucency with light in the state of 
pressing the substrates in such a manner the composition is 
diffused over the entire part between a pair of the 
substrates to thereby cause the phase separation of the 
liquid crystals and resin of the composition. 

[Claim 2] A method of producing liquid crystal display 
element, comprising: applying sealing material on a pair of 
substrates in the state of providing at least either thereof 
with a discharge port; fixing and arranging a spacer on at 
least one opposite surface of a pair of substrates at least 
one of which has translucency; dropping composition of a 
liquid crystal material and a photopolymerizable resin 
material on said one of a pair of substrates ; superposing a 
pair of substrates; irradiating the substrate having 
translucency with light in the state of pressing the 
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substrates in such a manner the composition is diffused over 
the entire part between a pair of the substrates to thereby 
cause the phase separation of the liquid crystals and resin 
of the composition. 

[Claim 3] The method according. to Claim 2, wherein 
sealing material is photopolymerizable resin material. 

[Claim 4] The method according to Claim 2 or 3, wherein 
sealing material is applied in the state of providing the 
peripheral part of the opposite surfaces of a pair of 
substrates, the composition is dropped on one side of a pair 
of substrates which is an opposite side of the discharge 
port and provided with sealing material. 

[Claim 5] The method according to Claim 2 or 3, wherein 
sealing material is applied on each peripheral part of the 
opposite surfaces of a pair of rectangular substrates, the 
discharge port is provided on the sealing material of each 
peripheral part, and the composition is dropped on the 
almost center of one side of a pair of the substrates. 

[Claim 6] The method according to Claim 2, 3, 4 or 5, 
wherein sealing material is two-fold. 

[Claim 7] A method of producing liquid crystal display 
element, comprising: fixing and arranging a spacer on at 
least one opposite surface of a pair of substrates at least 
one of which has translucency; dropping composition of a 
liquid crystal material and a photopolymerizable resin 
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material on said one of a pair of substrates ; superposing c 
pair of substrates with adjusting the position of a pair of 
the substrates by position adjusting means; irradiating the 
substrate having translucency with light in the state of 
pressing the substrates in such a manner the composition is 
diffused over the entire part between a pair of the 
substrates to thereby cause the phase separation of the 
liquid crystals and resin of the composition. 

[Claim 8] The method according to Claim 1, 2, 3, 4, 5, 6 
or 7, wherein the substrates are heated and are cooled down 
to its original temperature, and then light irradiation is 
performed when pressing the substrates. 

[Claim 9] The method according to Claim 1, 2, 3, 4, 5, 6 
7 or 8, wherein the light having the wavelength larger than 
lOOOnm and the light having the wavelength smaller than 
300nm among the light irradiating the substrates are 1% or 
below in the intensity. 

[Claim 10] An apparatus for producing liquid crystal 
display element by irradiating with light the substrate 
having translucency of a panel which is made by applying 
sealing material on a pair of substrates in the state of 
providing at least either thereof with a discharge port, 
fixing and arranging a spacer on at least one opposite 
surface of a pair of substrates at least one of which has 
translucency, dropping composition of a liquid crystal 
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material and a photopolymerizable resin material on said one 
of a pair of substrates, and superposing a pair of 
substrates, comprising: 

panel fixing die for fixing the panel by interposing 
buffing material; 

light diffusion medium provided on the substrate having 
translucency of the panel; 

light permeable film pressing the panel by interposing the 
light diffusion medium; and 

lamp irradiating the substrate having translucency with 
light via the light permeable film and the light diffusion 
medium. 

[Claim 11] The apparatus according to Claim 10, wherein 
the light diffusion medium is not provided on the substrate 
having translucency of the panel, a light diffusion film is 
used instead of the light permeable film. 

[Claim 12] An apparatus for producing liquid crystal 
display element comprising: 

a pair of thermostats each of which has an absorption part 
absorbing and fixing the substrate in the opposite surface 
treated with light diffusion process, and at least one of 
which is capable of moving up and down; 

circulating pump connected to the thermostat, and holding 
the temperature of the substrate at a fixed level by 
circulating the fluid in the thermostat; 
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nozzle dropping the composition of a liquid crystal 
material and a photopolymerizable resin material on the 
substrate absorbed to the downstream thermostat; 

lamp provided in the outer surface of the thermostat; 

position adjustiong means provided in the outer surface of 
the thermostat and adjusting the superposing position of a 
pair of substrates. 

[Detailed Description of the Invention] 
[0001] 

[Technical Field of the Invention] 

The present invention relates to a method and an 
apparatus for producing liquid crystal display element which 
can be widely used- in a display, a optical shutter, a 
projection TV, and so on. 
[0002] 

[Description of the Related Art] 

A high polymer dispersion type liquid crystal display 
element using high polymer and a liquid crystal is pointed 
out because it does not require alignment process and a 
polarizer, and therefore it is possible to enhance the 
brightness of the display. Generally, the high polymer 
dispersion type liquid crystal display element is formed by 
interposing liquid crystal high polymer complex where liquid 
crystal is diffused and hold in the matrix comprised of high 
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polymer material composition between the substrates having a 
pair of electrodes. The refraction index in the state of 
natural light almost equals to the refraction index of a 
high polymer matrix. 
[0003] 

That is, the liquid crystal is aligned in practically 
parallel with the interface in the around of the interface 
with the high polymer matrix when no voltage is applied. If 
the light is entered at right angle in this state, the light 
is dispersed at the interface because the refraction index 
of the high polymer matrix is different from those of the 
liquid crystal. When a voltage is applied between the 
substrates, the liquid molecular of nematic liquid crystal 
having positive dielectric anisotropy is aligned 
perpendicularly with respect to the surface of the electrode, 
and the refraction index of the high polymer matrix for the 
incident light almost equals to the refraction index of the 
liquid crystal for the natural light. Thereby, the incident 
light is not dispersed, but transmitted. It is possible to 
apply this characteristic into light shutter. 

[0004] 

In the conventional method for manufacturing liquid 
crystal element, one injection port is provided in the 
substrates having electrodes a pair of surfaces of which is 
faced with holding the gap between the substrates through 
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the spacers. Sealing material comprising the spacer is 
formed around the substrate, the substrates are pressed, the 
thickness is hold uniformly, and the sealing material is 
hardened. Liquid crystal material is injected into the gap 
of the empty sell comprised of a pair of the glass 
substrates obtained by the above method. Examples of the 
methods of injecting liquid crystal material are as follows. 
[0005] 

One example is a method called a vacuum injection 
method. In this method, the empty cell is sufficiently 
decompressed by a vacuum pump in the vacuum chamber, and the 
injection port is immersed into the liquid crystal material. 
Then, the pressure of the vacuum chamber is returned to the 
atmospheric pressure, the difference in pressure make the 
cell be filled with the liquid crystal material. Another 
example is a method using a capillary phenomenon. In this 
method, the discharge port is provided in the opposite side 
of the injection port when make the empty celi. And then the 
side of the injection port is immersed into the liquid 
crystal material, the empty cell is filled with the liquid 
crystal material using the capillary phenomenon, and then 
the injection port and the discharge port are sealed with 
resin. 

[0006] 

[Problems to be Solved by the Invention] 
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However , there exist some problems in the conventional 
method. In the vacuum injection method, when the empty cell 
is highly decompressed, the composition is also exposed in 
the decompressing condition and the monomer is volatilized 
because the monomer used in the manufacture of the high 
polymer dispersion type liquid crystal display element is 
volatile. Thereby it is difficult to manufacture the liquid 
crystal display element. 

[0007] 

In the method using a capillary phenomenon, unequalness 
occurs easily due to the influence of the shape or wetness 
of. the substrates, air bubbles occurs due to circulation 
insertion, it is difficult to inject the liquid crystal 
material to the entire display part so . as to perform good 
reproducibility, and it takes time to injection. Thereby, it 
is the object of the present invention to provide a method 
and an apparatus for producing liquid crystal display 
element which make it possible to rapidly produce a high 
polymer dispersion type liquid crystal display element 
without the occurrence of unequalness and air bubbles and to 
produce with good reproducibility. 

[0008] 

[Means for Solving the Problems] 

The method, of producing liquid crystal display element 
in accordance with Claim 1 comprises: fixing and arranging a 
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spacer on at least one opposite surface of a pair of 
substrates at least one of which has translucency ; dropping 
composition of a liquid crystal material and a 
photopolymerizable resin material on said one of a pair of 
substrates ; superposing a pair of substrates without 
sealing part; irradiating the substrate having translucency 
with light in the state of pressing the substrates in such a 
manner the composition is diffused over the entire part 
between a pair of the substrates to thereby cause the phase 
separation of the liquid crystals and resin of the 
composition . 
[0009] 

According to the method of producing liquid crystal 
display element in accordance with Claim 1, the liquid 
crystal display element is obtained by dropping composition 
of a liquid crystal material and a photopolymerizable resin 
material on one of a pair of substrates at least one of 
which has translucency, superposing a pair of substrates 
without sealing part, and irradiating the substrate having 
translucency with light. Thereby it is possible to produce 
the liquid crystal display element under the atmospheric 
pressure or regardless of the shape or wetness of the 
substrates. Also, because sealing portion is not needed, it 
is possible to make manufacturing process simple. 
[0010] 
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The method of producing liquid crystal display element in 
accordance with Claim 2 comprises: applying sealing material 
on a pair of substrates in the state of providing at least 
either thereof with a discharge port; fixing and arranging a 
spacer on, at least one opposite surface of a pair of 
substrates at least one of which has translucency ; dropping 
composition of a liquid crystal material and a 
photopolymerizable resin material on said one of a pair of 
substrates ; superposing a pair of substrates; irradiating 
the substrate having translucency with light in the state of 
pressing the substrates in such a manner the composition is 
diffused over the entire part between a pair of the 
substrates to thereby cause the phase separation of the 
liquid crystals and resin of the composition. 
[0011] 

The method of producing liquid crystal display element in 
accordance with Claim 3 is characterized in that in the 
method according to Claim 2, the sealing material is 
composed of photopolymerizable resin material . The method of 
producing liquid crystal display element in accordance with 
Claim 4 is characterized in that in the method according to 
Claim 2 or 3, sealing material is applied in the state of 
providing the peripheral part of the opposite surfaces of a 
pair of substrates, the composition is dropped on one side 
of a pair of substrates which is an opposite side of the 
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discharge port and provided with sealing material. 
[0012] 

The method of producing liquid crystal display element in 
accordance with Claim 5 is characterized in that in the 
method according to Claim 2, or 3, sealing material is 
applied on each peripheral part of the opposite surfaces of 
a pair of rectangular substrates, the discharge port is 
provided on the sealing material of each peripheral part, 
and the composition is dropped on the almost center of one 
side of a pair of the substrates. According to the methods 
of. producing liquid crystal display element in accordance 
with Claims 2-5, the liquid crystal display element is 
obtained by dropping composition of a liquid crystal 
material and a photopolymerizable resin material on one of a 
pair of substrates at least one of which has translucency, 
superposing a pair of substrates without sealing part, and 
irradiating the substrate having translucency with light. 
Thereby it is possible to produce the liquid crystal display 
element under the atmospheric pressure or regardless of the 
shape or wetness of the substrates. Also, because sealing 
portion is not needed, it is possible to make manufacturing 
process simple. 
[0013] 

According to the method of producing liquid crystal 
display element in accordance with. Claim 3, the sealing 
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material is also harden when hardening the composition by 
light radiation because sealing material is comprised of 
photopolymerizable resin material. Thereby it is possible to 
reduce the number of processes. The method of producing 
liquid crystal display element in accordance with Claim 6 is 
characterized in that in the method according to Claim 2, 3, 
4, or 5, the sealing material is two-fold. 
[0014] 

According to the method of producing liquid crystal 
display element in accordance with Claim 6, the position 
deviation of the substrates is minimized by making the 
sealing material two-fold. The method of producing liquid 
crystal display element in accordance with Claim 7 
comprises: fixing and arranging a spacer on at least one 
opposite surface of a pair of substrates at least one of 
which has translucency; dropping composition of a liquid 
crystal material and a photopolymerizable resin material on 
said one of a pair of substrates ; superposing a pair of 
substrates with adjusting the position of a pair of the 
substrates by position adjusting means; irradiating the 
substrate having translucency with light in the state of 
pressing the substrates in such a manner the composition is 
diffused over the entire part between a pair of the 
substrates to thereby cause the phase separation of the 
liquid crystals and resin of the composition. 
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[0015] 

According to the method of producing liquid crystal 
display element in accordance with Claim 7, the liquid 
crystal display element is obtained by dropping composition 
of a liquid crystal material and a photopolymerizable resin 
material on one of a pair of substrates at least one of 
which has trahslucency, superposing a pair of substrates 
with adjusting the positions of a pair of substrates by the 
position adjusting means, and irradiating the substrate 
having translucency with light. Thereby it is possible to 
produce the liquid crystal display element under the 
atmospheric pressure or regardless of the shape or wetness 
of the substrates. 
[0016] 

The method of producing liquid crystal display element in 
accordance with Claim 8 is characterized . in that in the 
method according to Claim 1, 2, 3, 4, 5, 6, or 7, the 
substrates are heated and are cooled down to its original 
temperature, and. then light irradiation is performed when 
pressing the substrates. According to the method of 
producing liquid crystal display, element in accordance with 
Claim 8, it is possible to eliminate air bubbles by heating 
when pressing a pair of substrates. Thereby, the liquid 
crystal display element without air bubbles can be obtained 
[0017] 
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The method of producing liquid crystal display element 
in accordance with Claim 9 is characterized in that in the 
method according to Claim 1, 2, 3, 4, 5, 6, 7 or 8, the 
light having the wavelength larger than lOOOnm and the light 
having the wavelength smaller than 300nm among the light 
irradiating the substrates are 1% or below in the intensity. 
According to the method of producing liquid crystal display 
element in accordance with Claim 9, it is possible to 
produce the liquid crystal display element under the 
atmospheric pressure or regardless of the shape or wetness 
of the substrates by irradiating the substrates with light 
mentioned above. 

[0018] 

The apparatus for producing liquid crystal display element 
in accordance with Claim 10, wherein the liquid crystal 
display element is obtained by irradiating with light the 
substrate having translucency of a panel which is made by 
applying sealing material on a pair of substrates in the 
state of providing at least either thereof with a discharge 
port, fixing and arranging a spacer on at least one opposite 
surface of a pair of substrates at least one of which has 
translucency, dropping composition of a liquid crystal 
material and a photopolymerizable resin material on said one 
of a pair of substrates, and superposing a pair of 
substrates, comprising: panel fixing die for fixing the 
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panel by interposing buffing material; light diffusion 
medium provided on the substrate having translucency of the 
panel; light permeable film pressing the panel by 
interposing the light diffusion medium; and lamp irradiating 
the substrate having translucency with light via the light 
permeable film and the light diffusion medium. . 
[0019] 

The apparatus for producing liquid crystal display element 
in accordance with Claim 11 is characterized in that in the 
apparatus according to Claim 10, the light diffusion medium 
is not provided on the substrate having translucency of the 
panel, a light diffusion film is used instead of the light 
permeable film. According to the methods of producing liquid 
crystal display element in accordance with Claim 10, 11, the. 
liquid crystal display element is obtained by dropping 
composition of a liquid crystal material and a 
photopolymerizable resin material on one of a pair of 
substrates at least one of which has translucency, applying 
sealing material and superposing a pair of substrates, and 
irradiating the. substrate having translucency with light. 
Thereby it is possible to produce the liquid crystal display 
element under the atmospheric pressure or regardless of the 
shape or wetness of the substrates. 
[0020] 

The apparatus for producing liquid crystal display element 
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in accordance with Claim 12 comprises: a pair, of thermostats 
each of which has an absorption part absorbing and fixing 
the substrate in the opposite surface treated with light 
diffusion process, and at least one of which is capable of 
moving up and down; circulating pump connected to the 
thermostat, and holding the temperature of the substrate at 
a fixed level by circulating the fluid in the thermostat; 
nozzle dropping the composition of a liquid crystal material 
and a photopolymerizable resin material on the substrate 
absorbed to the downstream thermostat; lamp provided in the 
outer surface of the thermostat; position adjustiong means 
provided in the outer surface of the thermostat and 
adjusting the superposing position of a pair of substrates. 
[0021] 

According to the apparatus for producing liquid crystal 
display element in accordance with Claim 12, the liquid 
crystal display element is obtained by dropping composition 
on the substrate absorbed on the downstream thermostat of a 
pair of substrates, superposing, a pair of substrates with 
adjusting the superposing position by moving the thermostat 
by the position adjusting mean, and irradiating the 
substrate. Thereby it is possible to produce the liquid 
crystal display element under the atmospheric pressure or 
regardless of the shape or wetness of the substrates. 
[0022] 
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[Embodiments] 

<First embodiments 

The first embodiment in accordance with present 
invention is explained with reference to the Figs. 1 to 3. 
Fig. 1 is a cross-sectional view of a liquid crystal display 
element under manufacturing process. In Fig.l, reference 
numeral numbers 1, 2 is a pair of substrates, arid the 
substrate 2 is at least composed of transparent materials. 
Transparent electrodes 3, 4 are formed on the opposite faces 
of the two substrates 1, 2. And, insulating layers 5, 6 are 
formed on the transparent electrodes 3, 4. 
[0023] 

Sealing material is applied around the opposite face of 
the substrate 2. Also, a spacer 9 is fixed and arranged on 
the opposite surface of the substrate 1. Composition 10 of a 
liquid crystal material and a . photopolymerizable resin 
material is dropped on the substrate 1 in the opposite side 
of the discharge port 11. And a pair of the substrates 1 and 
2 is superposed in the opposite side of the discharge port 
11. 

[0024] 

The panel P constructed as above is combined with the 
liquid crystal display elemerit shown in Figs. 2 and 3, and 
is irradiated with light. In the Figs., the reference 
numeral 20 indicates panel fixing jig for fixing the panel 1 
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the reference numeral 21 indicates lamp, the reference 
numeral 22 indicates a plate provided between the panel 
fixing jig 20 and the lamp 21, and the reference numeral 23 
indicates a transparent film sheet 23. The substrates 1, 2 
are interposed between the panel fixing jig 20 and the 
transparent film sheet 23 so as to generate a predetermined 
gap, and are pressed. 
[0025] 

The panel fixing jig 20 is provided with a buffing 
material 24, the buffing material 24 is provided with a 
panel P, and light diffusion medium 25 is formed on the 
substrate 2 of the panel P. Also, an opening 28 for 
transmitting light of the lamp 21 to the panel P are formed 
on the plate 22, and a thermic ray absorption filter 26 and 
a ultraviolet rays cutting filter 27 are formed on the 
opening 28. 

[0026] 

The light of the lamp 21, infrared rays of which are 
cut by the thermic ray absorption filter 26, ultraviolet 
rays of which are cut by the ultraviolet rays cutting filter 
27, is radiated to the panel P through the permeable film 
sheet 23 and light diffusion medium 25. Then, the pressing 
is released, the excess composition discharged from the 
discharge port 11 is removed and the discharge port 11 is 
sealed with ultraviolet setting resin, and so on. Then, the 
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liquid crystal display element is obtained. 
[0027] 

According to the method and the apparatus for producing 
the liquid crystal display element as mentioned above, 
composition 10 is dropped on the substrate 1, the liquid 
crystal display element is obtained by dropping composition 
on the substrate .1, applying sealing material 7, 8 and 
superposing a pair of substrates, irradiating the substrate 
with light, and removing the excess composition. Thereby it 
is possible to produce the liquid crystal display element 
under the atmospheric pressure or regardless of the shape or 
wetness of the substrates. Also, The liquid crystal display 
element is obtained without occurrence of air bubbles after 
releasing the pressing. 

[0028] 

<Second embodiment> 

The second embodiment in accordance with present 
invention is explained with reference to the Fig. 4. Fig. 4 
is a cross-sectional view of a liquid crystal display 
element under manufacturing process. In Fig. 4, the reference 
numerals 41, 42 indicates a- pair. of substrates formed in 
rectangular, and the substrate 42 is at least composed of 
transparent materials. Transparent electrodes 43, 44 are 
formed on the opposite faces of the two substrates 41, 42. 
And, insulating layers 45, 46 are formed on the transparent 
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electrodes 43, 44. Sealing materials 39, 40 are applied 
around the opposite face of each of the substrates 41, 42. 
Also, a spacer 47 is fixed and arranged on the opposite 
surface of the substrate 41. Composition 48 of a liquid 
crystal material and a photopolymerizable resin material is 
dropped on almost center of the substrate 41, and a pair of 
the substrates 41 and 42 is superposed on each other. 
[0029] 

The liquid crystal display element is obtained by 
combining the panel P' constructed as above with the liquid 
crystal display element shown in Figs. 2 and 3, and by 
irradiating with light. The same effect as the first 
embodiment is obtained in the method and the apparatus for 
producing the liquid crystal display element. Also, it is 
possible to superposing the glass substrates 41, 42 without 
applying sealing material. In this case, a predetermined gap 
is formed between the glass substrates 41, 42 because the 
spacer 47 is fixed and arranged. The composition 48 is 
hardened by light irradiation, and the excess composition 
discharged by pressing is removed. Then, the liquid crystal 
display element is obtained. It is desirable that the 
dropping position of the composition 45 is around the center 
of the glass substrate 41, and the shape of the glass 
substrates 41, 42 is not limited to the rectangular. 

[0030] 
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<Third embodiments 

The third embodiment in accordance with present 
invention is explained with reference to the Fig. 5. In 
Fig. 5, the reference numerals 51, 52 indicate thermostats 
which are capable of moving up and down, and are arranged up 
and down. Absorption parts 52, 53 interconnected to the 
vacuum pump in the part corresponding the 4 corner parts of 
the substrate so as to perform vacuum absorption of the 
substrates 60, 61 is formed in the thermostats 50, 51. The 
surface contact with the substrates 60, 61 is treated 
through light diffusion process. It has the function to 
control the temperatures of the substrate 60, 61 by 
circulating the fluid with repeating blowing and discharging 
the fluid from the outside using the circulation pump. Both 
the substrates 61, 62 are absorbed to the thermostat 50, 51, 
and the thermostats 50, 51 are controlled so as to hold a 
predetermined temperature of the substrates 60, 61. Also, 
each of the substrates 60, 61 has translucency, transparent 
electrodes are formed in the opposite surfaces, and a spacer 
is fixed and arranged in one of the opposite surfaces. 
[0031] 

And, the composition is dropped on the substrate 60 
from the dropping nozzle 54 excessively, the thermostat 51 
is moved down with adjusting the position by the position 
adjusting means 55, the substrates 60, 61 are superposed 
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precisely, and pressing is performed so as to generate a 
predetermined gap between the substrates 60, 61. In this 
state, the light of the lamp 57, 58 treated through the same 
process as the embodiment 1 up and down is radiated. Then, 
the absorption of the substrates 60, 61 is released, the 
thermostat 51 is made to move up, and take out the liquid 
crystal display element. 
[0032] 

According to the method and the apparatus for producing 
the liquid crystal display element as mentioned above, the 
liquid crystal display element is obtained by dropping the 
composition on the substrate 60 from the dropping nozzle 54, 
moving down the thermostat 51, superposing the substrates 60, 
61, and irradiating with light. Thereby.it is possible to 
produce the liquid crystal display element under the 
atmospheric pressure or regardless of the shape or wetness 
of the substrates. Also, it is possible to produce the 
uniform high polymer dispersion type liquid crystal display 
element rapidly without the occurrence of unequalness arid 
air bubble generated by blowing. Also, it is possible to 
obtain the liquid crystal display element with uniform 
thickness without air bubble after releasing the pressing. 

[0033] 

[Example] 

Examples of the present invention are explained. The 
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evaluation of the characteristic of the examples is 
performed as follows. The electrooptical property for 
performance of the optical modulation in the direction 
perpendicular to the obtained liquid crystal display element 
is measured using LCD-5000 (OTSUKA ELECTONICS CO., LTD) 
under the condition that the frequency is 30 Hz, the light 
receiving angle is 2.8°, and the temperature is 30°C. 
[0034] 

T 0 (%) is the light transmittance in the state of 

maximizing the light shielding when no voltage is applied, 

Tmax(%) is the light transmittance in the state of the 

maximum value according to the transition of the voltage. 

T 0 is set to 0% and T max is set to 100%. V 10 (V rms ) is the 

applied voltage of 30 Hz alternating signal when the light 

transmittance equals to 10%. V 90 (V rms ) is the applied voltage 

when the light transmittance is 90%. And CR (contrast) = 

Tmax/To and V 90 /V 10 . 
[0035] 

Also, the evaluation of the voltage holding 
characteristic (voltage holding rate) HR is performed by 
applying the pulse of V 0 =5V, 60 \is periodically with a period 
of 30Hz between the upper and lower electrodes of the panel, 
but not applying between pulses, and monitoring the voltage 
between the electrodes. The voltage between the electrodes 
of the panel is varied as time, the voltage holding rate HR 
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is the ratio of area when there is no voltage variation : 
area for the waveform of the voltage between the electrodes. 

The temperature was 60°C. 
[0036] 

<Example 1> 

This example corresponding to the first embodiment is 
explained with reference to Figs. 1 to 3 . The transparent 
electrodes comprised of ITO (Indium Tin Oxide) are formed on 
each opposite surface of the glass substrates which are 
substrates 1, 2 in a desired pattern. The insulating film 5, 
6 is formed by applying the AL5417 resin, heating for 1 
minute at 80°C, and then leaving alone for 30 minutes at 
190°C. 

[0037] 

Sealing materials 7, 8 are applied around the glass 
substrate 2 by forming the discharge port 11. The sealing 
materials 7, 8 are made of 98wt% of epoxy ester 3002M 
(KYOEISHE CHEMICAL Co., LTD) and 2wt% of 1173 (DaroKyua) 
which has the coefficient of viscosity of 30000 cps at 20°C, 
and comprises about 0.3wt% spacer of 10 p ball, B-10M . 

[0038] 

The spacer 9 is fixed and arranged on the glass 
substrate 1. Ball AB-4-10 ]x is scattered, leaved alone for 2 
hours at 140°C, and fixed to form spacer 9. Therefore, 
running down of the spacer 9 is prevented by the dropped 
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composition. The composition 10 more than the required 
amount is dropped on the opposite side of the discharge port 
of the glass substrate having the spacer 9. The composition 
is mixture of the liquid crystal material and the 
photopolymerable resin material. TL213 (n-I point=87 . 7°C, 
n e =1.766, n 0 =1.527 ) (Merck • Japan) 77.08wt% is used as the 
liquid crystal material. The photopolymerable resin material 
is comprised of 2-ethyl hexyl acrylate 21.5wt% as monomer 
material, Biscot #3700 (Osaka Organic Chemical Indus ty. LTD. ) 
1.30wt% as oligomer material, Darokyua 1173 (Merck) 0.07wt% 
as optical setting material, Lucirin TPO (BASF) 0.05wt%. 
[0039] 

The panel P where the glass substrates 1, 2 are 
superposed so that the transparent electrodes 3, 4 are faced 
each other is fixed to the panel fixing jig of the apparatus 
for producing the liquid crystal display element shown in 
Figs. 2, 3, via the buffing material 24. The light diffusion 
material 25 comprised of opal type diffusion plate DF0-150s- 

1 (SIGMA KOKI CO., LTD) is superposed on the glass substrate 

2 of the light radiation side of the panel by interposing 
the ethylene glycol. Also, the panel mounting surface is 
interposed between the panel fixing jig 20 holding the 
temperature of 25°C and the transparent film sheet 23, and 
is pressed. 

[0040] 
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The panel P is leaved alone for 30 seconds in the state 
that a predetermined gag is generated between the glass 
substrates 1, 2. Then, the glass substrate 2 is irradiated 
with light using the ultra high pressure mercury lamp CHM- 
3000 21 in the state of being pressed. Glass thermic ray 
absorption filter HAF-50S-30H is mounted between the lamp 21 
and the panel P. The transmittance of infrared rays is made 
about 0%. Glass ultraviolet rays cutting filter UV-35 
(Toshiba) is mounted between the glass thermic ray 
absorption filter and the panel P to prevent light having 
the wavelength smaller than nm from being transmitted. Then, 
the panel P is irradiated for 3 minutes with light having 
the intensity of ultraviolet ray of 13mW/ cm 2 around the 
wavelength of 360nm. 
[0041] 

Then, the pressing is released, the excess composition 
material discharged from the discharge port 11 of the panel 
P is washed, and the discharge port 11 is sealed with 
ultraviolet setting resin. The evaluation of the 
characteristics of the liquid crystal display element 
obtained as above is shown in the field of example 1 of the 
table 1. According to this example, it is possible to obtain 
the liquid crystal display element of uniform and high 
quality by preventing non-unif ormness of the gap between the 
glass substrates 1, 2 and air bubbles. Also, the sealing 
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material 7, 8 are also hardened when hardening the 
composition by light radiation because sealing material is 
comprised of photopolymerizable resin material. Thereby it 
is possible to reduce the number of processes. Referring to 
the table 1, the holding rate HR is 96.8%. 
[0042] 

The intensity of the ultraviolet ray is not limited to 
the intensity shown in the examples. When the intensity of 
the ultraviolet ray is 3xM/W? ~ leOmW/atf, the characteristics 
same as the present invention is obtained. It is desirable 
that the light having the wavelength of lOOOnm or above and 
the wavelength of 300nm or below is 1% or below among the 
light radiated to the glass substrate 2. Also, the thickness 
of the cell of the element is not limited to the 10|im. The 
temperature of the substrate is not limited to 25°C. When 
the temperature of the substrate is not controlled at a 
predetermined temperature, it is not easy to produce the 
same element because the reproducibility is bad. 

. [0043] 

<Comparative example 1> 

A comparative example relative to the example 1 is 
shown. The liquid crystal display element is obtained by 
using the glass substrates 1, 2 of the example 1 which has 
no insuiating film 5, 6. The evaluation of the 
characteristics of the liquid crystal display element 



H09-073075.doc 



- 29 - 



obtained as above is shown in the field of the comparative 
example 1 of the table 1. Referring to the table 1, the 
holding rate HR is 86.8%. 
[0044] 

<Comparative example 2> 

Another comparative example relative to the example 1 
is shown. The liquid crystal display element is obtained by 
performing light radiation without the ultraviolet ray 
cutting filter 27. The evaluation of the characteristics of 
the liquid crystal display element obtained as above is 
shown in the field of the comparative example 2 of the table 
1. The electrooptical property has rolling slope, the 
holding rate HR is 92.7%. 

[0045] 

<Example 2> 

This example corresponds to the first embodiment. XN- 
21-S (Mitsui Chemical) which is thermosetting resin is used 
as sealing materials 7, 8 in this example. Similarly to the 
example 1, insulating film 5, . 6 are formed in the glass 
substrate 1, 2. Then, XN-21-S including ball B-10.0vi which 
is about 0.3wt% spacer is applied around the glass 
substrates 2 so as to form the composition discharge port. 
The applied substrate 2 is heated for 20 minutes at 90°C. 
The substrate 1 on which a spacer 9 fixed is prepared until 
the end of heating in the same manner of example 1. The 
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processes after this are same as example 1. After light 
radiation, the display element is leaved alone in the 
thermostat for 2 hours at 150°C. The evaluation of the 
characteristics of the liquid crystal display element 
obtained as above is shown in the. field of the example 2 of 
the table 1. Referring to the table 1, the holding rate HR 
is 96.4%. 



[0046] 





Example 1 


Comparative 
Example 1 


Comparative 
Example 2 


Example 2 


To(%) 


0.09 


0.11 


0.09 


0.10 


T ma x(%) 


81.8 


81.4 


80.9 


81.6 


V 10 (V) 


4.2 


4.0 


3.8 


4.2 


v 90 (v) 


5.8 


5.5 


5.7 


5.9 


CR 


909 


740 


1.98899 


816 


v 90 /v 10 


1.36 


1.98 


1.50 


1.40 


HR 


96.8 


86.6 


92.7 


96.4 



• [0047] 



<Example 3> 

This example corresponds to the second embodiment. As 
shown in Fig. 4, each glass substrate is rectangular, and 
the sealing material 39, 40 applied around the opposite 
surfaces of the glass substrates 41, 42 are also rectangular. 
The composition discharge ports 37, 38 are formed at center 
portion of the sealing material 39, 40 of each side. Also, 
the composition discharge ports (not shown) are shown in the 
4 corner portions of the glass substrates 41, 42. The 
composition 48 is dropped on the center portion of the glass 
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substrate 41. The others are same as example 1. The 
evaluation of the characteristics of the liquid crystal 
display element obtained as above is shown in the field of 
the example 3 of the table 2. 
[0048] 

According to this example, occurrence of the air 
bubbles is prevented more effectively than example 1, 
thereby more reproducible liquid crystal display element can 
be obtained, and yield is enhanced. Referring to the table 2, 
the holding rate HR is 97.0%. 
<Example 4> 

This example corresponds to the second embodiment. 
[0049] 

In this example, sealing material is also formed on 
inner side of 1mm relative to the portion where sealing 
material of each side is formed in the example 3, and the 
sealing material is two-fold. The others are same as example 
3. The evaluation of the characteristics of the liquid 
crystal display element obtained as above is shown in the 
field of the example 4 of the table 2. According to this 
example, position deviation generated when superposing the 
glass substrates 41, 42 is prevented, thereby it is possible 
to obtain the liquid crystal display element with good 
reproducibility. Referring to the table 2, the holding rate 
HR is 95.9%. The sealing material of two-fold structure can 
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be applied to the example 1. 
[0050] 

<Fifth example> 

The fifth example is another example corresponding to 
the second embodiment. Contrary, to the third example, a 
light diffusion medium is not installed on the substrate on 
which light is irradiated and a light diffusion film sheet 
is used instead of a light permeable film sheet in the fifth 
example. Except for that, a LIQUID CRYSTAL DISPLAY element 
according to the fifth example is manufactured by using same 
method according to the third example. 

[0051] 

When setting a panel P' into a device of manufacturing 
a LIQUID CRYSTAL DISPLAY element, according to the fifth 
example, implementing a light diffusion medium is eased. In 
addition, it is recognized from table 2 that holding rate HR 
is excellent since holding rate HR is 95.2%. The fifth 
example is applicable to the first example. 

<Sixth example> 

The sixth example is corresponding to the third 
embodiment . 
[0052] 

In figure 5, surfaces of the thermostats 50 and 51 
coming contact with the substrates 60 and 61 are consist of 
quartz, glass and resin and so forth which pass through 
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light diffusion process. The sixth example uses a quartz 
.thermostat. At least, the thermostat 51 is capable of going 
up and coming down. Also, water, for example, is used as a 
fluid in the thermostats 50 and 51 circulated by a 
circulating pump. The substrates 60 and 61 passed by the 
insulating film forming process and spacer fixing as 
explained in the other examples are absorbed into the 
thermostats 50, 51. The thermostats 50 and 51 are controlled 
so that temperature of the substrates 60 and 61 is 25°C by 
circulation of water. With respect to the substrate 60, 
composites same as the above examples are dropped from the 
dropping nozzle 54. 
[0053] 

A charge coupled device (CCD) or a magnifier is used as 
the position adjusting means 55. CCD is used in the sixth 
example. As CCD, for example,. CCD system made by Matsushita 
Electric Industrial Co. can be used. While monitoring piling 
position of the substrates 60 and 61 with the TV monitor 56, 
the substrates 60 is piled up on the substrate 61 with going 
down the thermostat 50. Also, the substrates 60 and 61 are 
pressed so that distance between the substrates 60 and 61 is 
to be a predetermined value. In such a state, a light 
processed same as the first example irradiated from upper 
and lower directions through the thermostats 50 and 51. 
After irradiating light, absorption of the substrates 60 and 
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61 is released and a LIQUID CRYSTAL DISPLAY element is 
pulled out by going up the thermostat 51. Characteristics of 
the obtained LIQUID CRYSTAL DISPLAY element are shown in the 
fields of the sixth example of Table 2. 
[0054] 

According to the sixth example, manufacturing processes 
are reduced since the LIQUID CRYSTAL DISPLAY element does 
not have a sealing part. Also, manufacturing LIQUID CRYSTAL 
DISPLAY elements without stains and bubbles is achieved. It 
is recognized from Table 2 that holding rate HR is excellent 
since holding rate HR is 97.1%. 

[0055] 



[Table 2] 
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Example 4 
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629 
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1.38 


1.87 


95.2 


1.28 ! 


HR 


97.0 


95.9 


95.2 


97.1 



[0056] 

<Seventh example> 

Contrary to the sixth example, the seventh example is 
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characterized in pressing slowly the piled substrates 60 and 
61 with heating in 40°C, lowering temperature to 25°C(initial temperature) 
when bubbles are eliminated and irradiating light. According to the seventh 
example, LIQUID CRYSTAL DISPLAY elements without bubbles are 
manufactured. In addition, there are no changes in 
characteristics comparing to the sixth example. The seventh 
example is applicable to the first and second examples. 
[0057] 

<Eighth example> 

Contrary to the sixth example, in the eighth example, 
diffusion of composites is prohibited by making temperature 
of the substrates to be 15 °C when dropping composites and 
piling up the substrates. From the beginning of pressing the 
substrates, temperature is raised up to 25°C and maintained. 
If 25°C is maintained, light is irradiated. According to the 
eighth example, liquid crystal display elements without 
bubbles are manufactured. 

[0058] 

It is not necessary to limit composites to composites 
used in each example. Same result can be obtained if 
composites below are used. 

© composite obtained by mixing 3.0wt% of 2-ethyl hexyl 
archrilate (Nakaraitask Co.), 9.0wt% of 2-hydroxy ethyl 
archrilate(Nakaraitask Co.) and 2.48wt% of neopentyl glycol 
di-archrilate, KAYARAD MANDA (Japan Gunpoeder Co.) as a 
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monomer , 5.36wt% of EO denaturalization bisphenol di- 
archrilate KAYARAD R-551 (Japan Gunpoeder Co.) as an olygomer, 
photopolymerizable material consisting of 0.16wt% of benzyl 
di-methyl catal, IRUGAKUA 651(Japan Tshibakaiki Co.) as a 
optical-setting starting material, 80.0wt% of a chlorinic 
liquid crystal TL205[N-I point=87°C, n e =l-744, 

n 0 =l. 527 ] (Merk- Japan Co.) as a liquid crystal material. 
[0059] 

© composite obtained by mixing 17.55wt% of 2-ethyl 
hexyl archrilate (Nakaraitask Co.), 0.44wt% of acryl-acid 4- 
hydroxy butyl Acryester 4HBA (Mitsubishi rayon Co.), 0.20wt% 
of metacryl-acid 2-sacsinoloil oxy ethyl Acryester 
SA (Mitsubishi rayon Co.) and l.llwt% of KAYARAD PGDA (Japan 
Gunpowder Co.) as a prepolymer, photopolymerizable material 
consisting of 0.2wt% of 2-hydroxi-2-methyl-l-phenyl propane- 
1-onin darokua(Merk Co.) as a optical-setting starting 
material, 80.5wt% of TL205[N-I point=87°C, n e =1.744, 
n 0 =l. 527] (Merk- Japan Co.) as a liquid crystal material. 

[0060] 

© Same as the composite of . ®, same prepolymer 
component and same component ratio of the prepolymer is used. 
However, a liquid crystal material is changed from TL205 
into TL213. When the ratio of liquid crystal material is 
changed into 77wt%, characteristics are improved. 

® 21.5wt% of 2-ethyl hexyl archrilate (Nakaraitask Co.) 
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as a monomer, 1.33wt% of Wiskott #3700 (Osaka orgainc 
chemistry Co.) as an olygomer, 0.1wt% of IRUGAKUA 1700(Japan 
Tshibakaiki Co.) as a optical-setting starting material, 
TL213 as a liquid crystal material are used. In this case, a 
driving voltage can be reduced comparing in the examples. 
[0061] 

Not limited to the sealing materials shown in the 
examples, same result is obtained when using sealing 
materials such as a material with viscosity 20°C and about 
100,000 cps which is made by including 2wt% of Darokua 
1173 (Merk Co.) into epoxy ester 300A (Kyoeisha Cream 
Chemistry Co.), a material with viscosity 20°C and about 
140,000 cps which is made by including M-1200 (Dong-A 
Synthetic Chemistry Co.) into 2wt% of Darokua (Merk Co.) or 
Aronics UV-3033 (Dong-A Synthetic Chemistry Co.) with 
viscosity 20°C and about 25,000 cps. However, if sealing 
materials with viscosity 20°C and cps less than 20,000 are 
used, reproducibility is reduced since it is ease that 
discordance of position of substrates takes place in case of 
piling the substrates. From the above, if sealing materials 
with viscosity 20°C and cps more than 20,000 are used, it is 
possible that the substrates are putted together on desired 
position. 

[0062] 

With respect to OV lamps, it is not necessary to limit 
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to UV lamps used in each example. If very high pressure 
mercury lamp IML-3000(Oak manufacturing Co.) is used, a 
rapid element is obtained as V 90 / Vi 0 becomes lower. 
Furthermore. If UVL-6000-0 made by Usio electric Co. is used 
same result as that of the examples is obtained. Also, the 
peripheral portion of the liquid crystal display element may 
be sealed with high polymer resin. The element is masked so 
as not to be irradiated with ultraviolet ray, UV resin is 
applied around the panel, and thereby the composition is 
sealed. For example, Roktait 352A is hardened by the 
radiation of 90 seconds and UV (350nm) SSmW/cnf. As a result, 
the elecrooptical characteristic is barely changed, but the 
lifetime is extended. 
[0063] 

According to the method of producing liquid crystal 
display element in accordance with Claim 1, the liquid 
crystal display element is obtained by dropping composition 
of a liquid crystal material and a photopolymerizable resin 
material on one of a pair of substrates at least one of 
which has translucency, superposing a pair of substrates 
without sealing part, and irradiating the substrate having 
translucency with light. Thereby it is possible to produce 
the liquid crystal display element under the atmospheric 
pressure or regardless of the shape or wetness of the 
substrates. Also, because sealing portion is not needed, it 
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is possible to make manufacturing process simple. Thereby, 
it is possible to produce the liquid crystal display element 
under the atmospheric pressure or regardless of the shape or 
wetness of the substrates. Also, the liquid crystal display 
element is obtained without occurrence of air bubbles after 
releasing the pressing. Also, because sealing portion is not 
needed, it is possible to make manufacturing process simple. 
[0064] 

According to the methods of producing liquid crystal 
display element in accordance with Claims 2-5, the liquid 
crystal display element is obtained by dropping composition 
of a liquid crystal material and a photopolymerizable resin 
material on one of a pair of substrates at least one of 
which has translucency, superposing a pair of substrates 
without sealing part, and irradiating the substrate having 
translucency with light. Thereby it is possible to produce 
the liquid crystal display element under the atmospheric 
pressure or regardless of the shape or wetness of the 
substrates. Thereby, it is possible to produce the liquid 
crystal display element under the atmospheric pressure or 
regardless of the shape or wetness of the substrates. Also, 
the liquid crystal display element is obtained without 
occurrence of air bubbles after releasing the pressing. 
[0065] 

According to the method of producing liquid crystal 
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display element in accordance with Claim 3, the sealing 
material is also harden when hardening the composition by 
light radiation because sealing material is comprised of 
photopolymerizable resin material. Thereby it is possible to 
reduce the number of processes. According to the method of 
producing liquid crystal display element in accordance with 
Claim 6, the position deviation of the substrates is 
minimized by making the sealing material two-fold. 
[0066] 

According to the method of producing liquid crystal 
display element in accordance with Claim 7, the liquid 
crystal display element is obtained by dropping composition 
of a liquid crystal material and a photopolymerizable resin 
material on one of a pair of substrates at least one of 
which has translucency , superposing a pair of substrates 
with adjusting the positions of a pair of substrates by the 
position adjusting means, and irradiating the substrate 
having translucency with light. Thereby it is possible to 
produce the liquid crystal display element under the 
atmospheric pressure or regardless of the shape or wetness 
of the substrates. Thereby, it is possible to produce the 
liquid crystal display element under the atmospheric 
pressure or regardless of the shape or wetness of the 
substrates. Also, the liquid crystal display element is 
obtained without occurrence of air bubbles after releasing 
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the pressing. 
[0067] 

According to the method of producing liquid crystal 
display element in accordance with Claim 8, it is possible 
to eliminate air bubbles. by heating when pressing a pair of 
substrates. Thereby, the liquid crystal display, element, 
without air bubbles can be obtained. According to the method 
of producing liquid crystal display element in accordance 
with Claim 9, it is possible to produce the liquid crystal 
display element under the atmospheric pressure or regardless 
of the shape or wetness of the substrates by irradiating the 
substrates with light mentioned above. Thereby, it is 
possible to produce the liquid crystal display element under 
the atmospheric pressure or regardless of the shape or 
wetness of the substrates. 

[0068] 

According to the methods of producing liquid crystal 
display element in accordance with Claim 10, 11, the liquid 
crystal display element is obtained by dropping composition 
of a liquid crystal material and a photopolymerizable resin 
material on one of a pair of substrates at least one of 
which has translucency, applying sealing material and 
superposing a pair of substrates, and irradiating the 
substrate having translucency with light. Thereby it is 
possible to produce the liquid crystal display element under 
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the atmospheric pressure or regardless of the shape or 
wetness of the substrates. Thereby, it is possible to 
produce the liquid crystal display element under the 
atmospheric pressure or regardless of the shape or wetness 
of the substrates. Also, the liquid crystal display element 
is obtained without occurrence of air bubbles after 
releasing the pressing. 
[0069] 

According to the apparatus for producing liquid crystal 
display element in accordance with. Claim 12, the liquid 
crystal display element is obtained by dropping composition 
on the substrate absorbed on the downstream thermostat of a 
pair of substrates, superposing a pair of substrates with 
adjusting the superposing position by moving the thermostat 
by the position adjusting mean, and irradiating the 
substrate. Thereby it is possible to produce the liquid 
crystal display element under the atmospheric pressure or 
regardless of the shape or wetness of the substrates. 
Thereby, it is possible to produce the liquid crystal 
display element under the atmospheric pressure or regardless 
of the shape or wetness of the substrates. Also, the liquid 
crystal display element is obtained without occurrence of 
air bubbles after releasing the pressing. 

[0070] 

As a result, when using the liquid crystal display 
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element as a display element, it is possible to obtain high 
performance of display by driving the active matrix through 
the combination with TFT. Also, it is possible to produce a 
projection type display with high guality. 
[Brief Description of the Drawings] 
[Fig. 1] 

Fig. 1 is a cross-sectional view of a process for 
producing a liquid crystal display element according to the 
first embodiment of the present invention. 
[Fig. 2] 

Fig. 2 is a perspective view of an apparatus for 
producing a liquid crystal display element according to the 
first embodiment of the present invention. 
[Fig. 3] 

Fig. 3 is an extended partial perspective view of an 
apparatus for producing a liquid crystal display element 
according to the first embodiment of the present invention. 
[Fig. 4] 

Fig. 4 is a cross-sectional view of a process for 
producing a liquid crystal display element according to the 
second embodiment of the present invention. 
[Fig. 5] 

Fig. 5 is a perspective view of an apparatus for 
producing a liquid crystal display element according to the 
third embodiment of the present invention. 
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[Fig. 6] 

Fig. 6 is a view showing the measured waveform of the 
voltage holding rate for evaluating characteristics of the 
liquid crystal display element. 

[Reference Numerals] 

I, 2, 41, 42, 60, 61: substrate 
7, 8, 39, 40: sealing material 
10, 48: composition 

II, 37, 38: discharge port 
P, P' : panel 

20: panel fixing jig 

21, 57, 58: lamp 

23: optical transparent film sheet 

24: buffing material 

25: light diffusion medium 

50, 51: thermostat 

54: nozzle 

55: CCD (position adjusting mean) 
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[R#S 9 ] SfitSSSitenSJttf, 10.0 0nm« 



2) 1$lf¥9-7 3 0 7 5 

2 

-t©ffigftfc 3 3 0 n mttT©RR%Jb<, R&fttS© 1 
%UT<D&-VtbZ£l:ZimttZffiiSmi. 2. 3. 
4, 5. 6. 7$fctt8ga8S©jffiSa^SR?©S!ii^ 
ft. 

nut« io] 'pa < f: «t-»««ajttt** ufc-tt 
©sffi©^-rn^-^tfffflp^t5ttfcttMT">-;utt 
*rru ifflia-*t©g*s©5is'j>4< fct»-^©«iRi 

a*mfc^£ttBRW©ffl*R*RTu re-» 
io ©sfi*a*i^t)-e-r4%^*yi/t % ^jtttStRffli*^ 

LT«aRasR?*H»1- * RRRR-CRo 

«E/<JM/*RR*J*rt LTHRT */<*;l<HR»R 
SIta/<*^©3btttStli±K:RaLfc»«««tt: 

iH47-<;H»£\ c©JtJ8Stt7-c;l/i>*6tf(cME3t 

«R*fcRRR*R?©WB8R. 

orrr 1 1 ] ;<*;u©®fcttfiffi±Kfti«&jS#* 

20 RRtt-f, Jbo)feSljitt7w > ;l/i»fcft*T^l£»7-f;l/ 

So 

magi 2]' K&mmitmirtztttmKznzn 
mmt&%®%.? *«awn«* tfro'>4 < t 
m^smt. Lfc±T-w©fiSfflfc, c©nawcg^ 
*nfiB«rtfcaw**RR;&tf ac t t * o Hiiissss 
fi*-Steffiotsgi*>7'fc. HuisTti©iiS*iK?i9 
*nfc»«±KR**rai:>ffl£ttRBtm©ia^^ 

RTfa/Xn/i, REfiBROttHRtetttffc?:/:/' 
30 t. ttGRfitt©m5ft£Rft&tlREHtf©£&©B 

[0 00 1] 

Bmomnsmm corbie f^yw, 

BBR^^Ha»R& £tfRaa*R?©BRRR 
KM-rsfe©'?**. 

[000 2] 

40 m&om&i aa^s «jw»ii6?©+ Tt, Eisijaa 
*w*t^*<Rrfliac fc*wjSk-r*»»? • bar 
LTaasnrsT^s. Httt. r^hrsbar 

?fctt, Bft«R»?tt«a«**»64*T h "J y *X 

»fv h ij y ^X©JS»TWe«f-ai-5«J: 3 fcRfig? 
tlfct©T-^5o 
50 [0 0 0 3] -f 4*?^, RffiiWlin©«cRTRS«, m5 



3 

<< v ^m&om^s ffis^tf affiffitcw Lxmrnmic 

*cfc4<S»rstt»k4*. c<DttH«r«fflLT. 
[0 0 0 4] fit*, BJM^?®B£#&Ctt* -65 

S*ftS/-;l/»*»*L. iinEU fe;WI kU > 

[0 0 0 5] S-f. JBSrfV^WB^T* K^xVA 

«a#»«3t»u. axpiBB-csp-rak^sBa 

tBLs &APkE»«B (*f23il) fc»UP«:»WTffl-b;l/ 
fc-T*. ^LT, COffl-b/l/lcWU aAPfflfcSS** 

BAPtaMaPtBB-MtP-rftfct^^BB 

[0006] 

•r * c fc (c £ r> xmism a wicBE«ffit * e> s tu 

So 

[0 0 0 7] $fc, ««BBft*Wfflr«HJt*ttT? 
(A, BfiO«tt*Bntt»0»i*S». A5>k4DJi 

^fc«aa«^teWM<-ftx«cfc«wi^ &a 

0«a3?iS6«*tfB*BSB?OBfflBB*B«"r* c 
k£@ttk<T£o 
[0008] 

S«<D3'5 / >4< kt-*OJ*flKtX^— 9-*HBE 



: 3 ) «HT9-7 3 0 7'5' 

4 

*B*»»rfcB**t>«*lBk. BBfctf-WOB 

[0009] IS^ i eBBBayRTOHBffglc <fc S 

10 ajtttt**LfcWSM^6«*BMfr*ck 
fc<fc0, B»S>KBW»&*U #EETT% ^ISO 
JBtt^BnttOBB^Stf-ffcHJfi-eSfS. Sfc. £/- 
MWft<, «JBIB*HBT*«. 
[0 0 10] B2l»92 0BAS^X?OBIB^£». * 

35Ffc»fflp*Rttfe«MT2/-;l/*f*l6^rr*xek, 
-»0B«03-6^4< kt-*<0»iRiffifc^— 9-*' 

B^«Btmoaa**»Tt-«i«k, -»o«s . 

20 «Ma£fcrt«lSk* BiM*l3V-»o«taB±*«clt 

Bfr6**W»LT»»OBBkBB4^4»*** 
lBk*«OtOT«*. 

[0 0 1 l] BSJRaoJfta^ByoBit^Jttt. it 
*S2«ci3^T, S/-;l/#A%B^ttBfi«S^&4* 

ck««akr*fcOT«*. bs&^obsbs**? 

' 0»ftBOB5flfc»ttP*R»fc<»T?3/^W*B* 
U S/-Mtt»*LfcSHBPkfi»Bfc:i5t^T- t »0 

30 B«o-»fcia«»*BT'r*ck*««k-r*tiOT 

[0 0 12] 1^50KM&ftR?Ol6B$&<i* n 

&jB2iics/-;i/t**»&u sa©->-;ut*<c^n-€ r n 

KtmofflJMfcfcSTFU LT«fe*t> 
40 »Jtttt*W Lft»««fr Cfct J: 

TO 0 l 3] M^308A&i*JR?eWfi#&eJ:« 

aayR?o«ertraa:» 2 . 3 . 4 s fc»± 5 k« 

50 [0014] If ^ 6 OMUU£3tt?OHifi2r&lc <fc * 



5 

[0015] m#m7(Dm&%*%¥<om&i3mic£%> 

#2Hl. 2, 3. 4, 5. 6$/"cfcmc:fc^T. gffiO 

[0 0 17] |R««90SaS^JR70aGB^tt(d:, Is 
&m\. 2. 3. 4. 5., 6. 7^/c:ti8tC*5l^Ts S 
«fcBM*£tt5ft#* 1 0 0 0 n mtt±Oift®K*: 3 3 

0 0 n mtUiOififiJttk 3 3 0 n mttTOMBttft Pft 

[ooi8] $f#«u ootta^jR^isuesHtt, 
[0019] k*«i i ©«ftaaa£F<0«ii8Wi. 



4 ) 9 -7 3 0.7 5 

6 

-<;l/A«:ffifflLfcfc<DT*»So 0, 1 1 <D*S 

*, saw* few u tcmm&fr 6**B8»r « c i: k «k 
[0020] nsa 1 2(Dm^m^m^(ommmmit, 

[0 02 1] DM l 2OBII^*F<0Sffi«Bfc:<fc 

«fcM*nfca^k:yx;uj:o»«t**«rFu ffl 

£<fcD, BaBa*F#»6tU BflETT. ^olfio 

[0 0 2 2] 

m l <OSUSO»88 

30 fcS^^TKWrSo 0 1 fix ■«««S»P0fifiiIg 
&*O$Eli88rffi0T&£o HJC*^T, 1, 2ti— JBO 

tiZVZ. *tc, jfStEl, 2 0*tfnj®tcte, 

3, 4tf^2tiT*>9. #^W®fi§3, 4±*c*i*6» 

[0 0 2 3] ^lt, S«2 0»iRitiojSiati:^-;W 
7. 8*B*rt3o S/-;W8fctt»fflPl 1**J«L 

«. tiiUPl 1 fcSMtefc^TSKilctt 

40 $kmt^G&m%tift(Dimva i o*aru 

□ 11 fcEttMtefc^THSOBfi l . 2*fife^fo-^ 
[0 0 2 4] C Oct 9 (CfilfiE Lfc^^;l/ P £\ 02fe<t 

2 1tt7V^ 2 2tt/^*;i/H^}&a2 0 

■ 1 5 > y 2 1 or^tciattfc^is, 2 3 ttjtaigtt^ •< ;i/ 

i^>-hT*££o /<*;l/HS?6R2 0i:)fcajatt7^;I/' 
A->-h2 3tcT. /^;l/P©ilfil ( 2Ht0rSo|» 
50 mtf&KZ*vK&fr&h,'VWBE?Z>o 



7 

[00 2 5] /<*;l/HSi6ft 2 0 iCl&s Wffiti 2 4 & 
»6tiT*9; c©««tt2 4fc/<*;UP"*RBU « 

BR«7-f ;l/*-2 6*6tffc«*M«*^ h7<ffr*- 

[0 0 2 6] ^>72 lOJttt, BMRlR.7 -fib*- 2 

*-2 7(CT*rt»**y h£tt, ^SjSti7^;l/Ai/ 
-h2 3**l»fcttfflBf*2 5«9oT/^Plcn( 

^6»tasnfc*»*ao*i o*«£ed, shhpi 

[00 2 7] c<D£o icttiKSnftKJUS^ETonB 
£i£ * J: tffiEfi&^?®ffig£nic <fc 5 . 2*E 1 K 
Brt»10*HTFU f-;l4*7. 8«»WLTSte^ 

»Jl«5«»tf»&tu mETT. froSCOBtt 

B9i^fcJ:*ftiS0»££BBU fiftB 

■BM-fcc Sfc* »E)W»a-et, 

[0 0 2 8] ®2(0$m<DBm 

tBWfSo B4»* mtk&Fttowmxw&p<om& 

SrffiBT?i&S« Bicfc^T, 4 1,4 2(iffijFB(cffifig$ 
ftfc-ttoaSTfcO, '>4<fc*8«4 2tt*g#14tf 
«CT»*SftTV*. Sfc, ffiS4E4 1, 4 2<D*f[Rj 

cstc t*. mww®4 3. 4 4WBa*nr43 0, saw 

18814 3. 4 4±fcttt6»§i4 5. 4 63WMt**lTV 
*. *®K4 1. 4 2©WlftlffiOjaafflk:S/-;U#3 
9. 4 0WU Hffl0&ffl<D$/-;l4f3 9, 4 01c 
'*n€nflftfJP3 7. 3a*JB#r*. Sfc* Bffi4 1 
OWftiBlc^— 9-4 7«B»HW*. gffi 
4 lOH8*^c»Stt»fc^^tt«8Hi«^ffllfi14l4 
8«TU -#<D®ffi4 l , 4 2*ffita£to-&*. 
[0 0 2 9] CQZotcmtiLitllt/VtoVP' £,0 2 

l. 4 2*ffita£fe-£TfeJ;i\> *^-*M 
7 ISSUES UTSS©?. #5*»K4 1, 4 2Hfc 
imm<Offl®tfBf£'Ztl. *BMtfcJ:Dffl«1*4 8«:H 

^offEt*o»*aL«a««4 8*»*"r 



(5) «fBB¥9-7 307 5 

6 ti«p lirttt 4 8 fcBTT 

7XM4 1, 4 2<OJB«ttjejBfc:H6ftt^ 
[0 0 3 0] £3<Z>*8S<DJBjg 

Bfcfe^T, 5 0. 5 l t*±TfcEBLfc# 

. p»^r«ftfiWf7eo. fists so. 51 home e 
0. 6 lCxassT^^jiaicBfiegoAwcte^-r 

**»teJtSWV^ka»LfcWlP 5 2,5 3#»J 

10 ^nt^So tstfso. 5iosffi6o. 6 lts-r 

xrjrtKWM&t*t turner* s«6o. 6 10 
■mm*?* ustiso. 5 nr. ± 

TOSfi6 0, 6 1 SS6 0. 6 1 tfHrJt 

ogat^§j;5tcfisti5 0. 5 1 «mr«. $ 

20 [0031] fits S«6 0lC»U &/£ft£ffi2ifi 
«fcBT/X;b5 4J:9»TU {MWS#85 5*ffi 
oTfflH€:SJfiLfttf6fiS«5 l *TBU fitS£< 
®«6 0, 6 1 *Wa£to-e\ *oStR6 0, 6 l fiat 

so. 51 j&^lt±t^iri^6*sso«« i traaio 

«BI (RaB»iR7-f;l/^-. «nB*y h7-r;l/#-^ 

mm o. ei o»**»i*u raws i *±# 

30 [0 0 3 2] COctafC^^tl/c^^^O^ 

0. 5 1T^nfc-flOSl6 0, 6 1t0^!ffi 
6 0 izj&T/XJl 5 4 <fc 9 «j«1ft«:»T SSft 5 1 
*Tf§LT-tt<Da&6 0. 6 l«S4a«to«. 
JtH«r*ci:K:*9, «fi«S*W»6ti, ^ET 

.0«B«aaR?tf »6*i*. 
[0033] 

^aLCD-5000*ffll\ ffl'JS^^a3 0Hz. SJttfl 
2.8' . 3 0ro^T?«««*W1t*MSLfe. 
[0 0 3 4] m%&m&. «EJ8ffliO (feL<(i^Sl 
AO) ^03KIH&^^g^fflLTt>-54^TO«g 
50 a**T. (%) . «BES(t^J:oTB*H)W»it 



( 6 ) 

9 

Sjti8M*T... (%) , To *0%"CT... £100 
%£Ltz±V. 3tt2BS**M.0%i:ftS«FO3.0H2SaE 

'ffl^owirtrtaE*v,, (v f ., ) , igw^eaa**^ 
xio =t... /To astffcv„/v l0 T**a« ' 

[0 0 3 5] Sfc, «Efi»«m HRO 

0 = 5 V. 6 0 /i s (0^)1**3 OHzfflWWlMZ.. 'WX 

[oo3 6] ms&Mi 

c<D&mimt, jBiojao»W!:»ji6r*feOT?*t> 

T, HlftV^bH3 3£fflV^TKW-rSo £ft 1 . 2 
5#^XS«©&ttlRlffifC, I TO (Indium Tin Oxid 
e) *Sfc*aiWBff3. ^JJrBO'^-vWMW" 
So teHIR 5. 6tt, B**«=fAHAL5417»ffi3&»* 
U 8 Or, IdllBMRft. 190 t. 3 0«ILt 20 

[0 0 3 7] #7XB1fi2©H2Zflft:, smjpi l*B 
J«LT 7. 8*S^-rSo '>-W7, 8£L 

Tl*> x#^>xxr/U3002M («&*±«iHg{fc^l3i 

(«0 fit) 9 8wt%£. ^D*a71I73 (*)l?tm) 
•2 wt% J: 9 ft* 2 0 'Cfcfcttattfitfft 30000cps£>*><0 
(C, ^0.3wt %X^— *1 O^mORL^cB-l 0 |i 

(fM$<tj£X?g («) ID «S^tO«Wt5 0 

[0038] tf^xgffincx^— 9-9^HSias-r 

So X^-^9i:LT. H«X^St8AB-4- 30 

1 o/i wmt&xm (ao id *»*u 140 r. 2 
wfbbjrbu ms^-^So cnia^T> mTM&MBfo 

<fc o TX^-* * 9 Wffig tlXLZ? <D*Wf&o x^- 
*90SS^7XSffilffl!IOSftBPl lOKttfflfc, Br 
BBSil®IBl£tt 1 o*STr*. S§/K%J 1 0(i, ftft 

LTteTL213 QH point =87.7 t, n e =1.766, n 
. =1.527) (ttO Si) 77.08wt 

»3Ri:UT2-x^;l/-N+S/;U7^ , JU-h {i-fi^^T 40 
X* Of*) 8D 21.5wt%, *U^-«»i:LTeX3 
-M3700 (*R*llft*I« (SO K) 1.30wt ft 
«fkBBJ6Wi:LT^o*a7I173 (*;U*ttB) 0.07wt 
%. ;1/->U>TP0 (BASFitB) 0.05wt%fr 

[00 3 9] 8Zt>T. BOTBB3. 4 MAWS* 5 
i^USi, 2*fflfc£fc'&T>**;l/PfcU 
02,03 iCTjkt aaa^JR? OS!it«BO/ 
}&ft2 0t««tt2 4*^LTHS-r*o ^UT. /<* 
;U P (0»MlOif7XSfi 2 ±fc;*v <-;!/Sffi£tt« DF 50 



■ #B8¥9-7 3 0 7 5 
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^*;I/HS»*2 0 fc, ft8»tt7w;l/A$/- h 2 3 i: 
[0 0 4 0] tf^XEffi 1 . SlffltHfffiOBHBtf-eTV^ 

«ft»TT3otMUkni. »EttaM>ss* asjE7j< 

ffi^>yCHM-3000 ( (80 *-*(HfBJrB) 2 l«rffl^ 
T> /^>l/PO^f?XSHE2KC3t«litItt- a r«. ^V^2 

HAF-50S-30H (S/^Jt« (ISO H) 2 6*2ttHB 
L> (0.8 fim«fttt±) 4>«MWttO%fcft 

*£5KU *ttOJM(!RiR7^il/*-26fcA*;I/ 
PfcOMfc* ^x«HP»M«*yh7-r;i/*-UV-3 
5 OK2 (ft) SI) 2 7*MU 350 nm^MOttS- 
%%SIS-^4:^J:3(CLT. ><*;I/Pte360 nmMifi 
©&fl«B»Ktfl 3«W/ai*fca:*Jt*3#l»SMt"r*, 
[0 0 4 1] 8fr>T. JfEfclBRfcU /<*;1/P<DflttHP 
1 l*6*a«tifc^&ffld^S***K!), $m 
Pi 1 timHtlHTftJhn. 

7, 8*3iaidtt«B«S»cTJBa"r*ci:tJ:t), je 
«rBa«LTfflJ«iai OfcBEftrsiKfc:* ->r;W7, 8 

[0 0 4 2] ^43, KMfl^ttftlKHlc^2tir«r^« 
SlttO*fclB**tl*t>OT«±*<. 3 mW/cm 2 — 160mW/ 

kWWBTtfco sfc, *5xa«2icfia««ns* 

tt, 1000 nmtUKOififfiti: 330 n niWTOftffitt*^ 

[0043] mm\ 

X? xsffi i . 2 test u tfeSK 5 . 6 zmtmmtt L 
mztirzmi?B&*m¥<D#mmz& \ <omm 1 ^su 

iZm-to «1 «J$*HRtt86.696i:a?). ^SS^J 
1 <9fla$*H R 96. 8%t Jf<«< ktftofr*. 
[0 0 4 4]i±S^j2 



(7 ) 



9-7 307 5 
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1 O350 n mftMSl* * h 7 4 fr*- 2 7 *<£ffl#ir 
¥ttttttttWftttttS5* U «»*H R 1 92. 7 % k« 

[0045] &mm2 

BSKttt KBIT'S 5 * h 5 * h * > F XN-2 1 -S (H#3|C 



12 



10 



m OHO BO *#S*ftfeO*^-/W#7 f 8cDJ:9tC 
»jSE*.nfca« 2 £ 9 0 20 timnfM&M**. * 

kiMicfwrs. jiHStt****^ *s**?*fiS' 

t@£T150 1C. 2«PHIttH»..1liai»6«0taU s 
O&ttfHffi*^ 1 ©*flSW 2 <om^t 0 S 1 <fc 9 . & 

ft&H R 96. 4%T*£ 9> fcV^fintl^ C fctf 
[00 4 6] 





9BHM1 






£ttA2 






0. 1 1 


0.0 9 


0. 1 0 




8 1.8 


8 J, 4 


8 0. 9 


8 1.6 


V,. (V) 


4. 2 


4. 0 


3. 8 




V,o (V) 


5. 8 


5. 5 


5. 7 


&. 9 


CR 


9 0 8 


740 


8 8 9 


8 1 B 


v.,/v,> 


l. a a 


1.3 8 


1,5 0 


1.4 0 






86. B 


8 2. 7 


8 6.4 



[0 0 4 7] g!fiS0!)3 

COSsM!lti\ 04(c^<J:-5tc, *#7X2K4 l. 
4 23We»-C*'0. ^7X1(64 1, 4 2(0«[plffiO^ 
fflffiE»ffL:fc$/-;l/#3 9. 4 0fcfi»JB*4t. * 
LT, «BOS/— ;l/#3 9. 4 0<O*ASfc, HfiK1*llE 
fflP3 7. 3 8«JBtfU <POaT9X«E4 1. 4 2(0 

raoftas»c*i^T«>i/-^»^fflj«iasfaip (seat 

■f) Sfcs *§tf»4 Sit. #7Xifi4 1 

ttttSMKS 2 O^fli^ 3 OffltcaVTo 
[0 0 4 8] COjIttWcASfc, £JjK0y 1 <0«fi8* 

[0 0 4 9] CO&B&mits %mm3lCl3tt%&m(Di/. 
3 9, 4 0 <0 Jgj£gP<fc 9 v 1 uSAINc fe S'-Jl' 
0 (HSMrt 1 ) «B*U 2B05/-*fcUfcfc0T* 
So *fttttttt. «KM3kH«0»ffi-ef«H*ffo 

4 1.42 Ofife-&*>^OfflH-f tl*MS A/ Hft < . 



[0050] mmms 

h^o *titt^tt, «*W3f:Haio*ffi-eflF««ff 

% C9LT^^nfcffi B 3 0 ^^ : ?^14fPffi^2O 
^fi£01J5CDffltC^-ro 

[0051] £<o$kfflmz&%£. /<**p # *isaa 

Xtt0!l6 

s 3 <omz<o&Bfc}tfo? 

[0 0 5 2] 05fc4ot^T, fiS<f 5 0, 5 Hi, Sffi 
6 0, 6 1 k»t-*ffi*^«Wffll«:**tlfcraS. # 

ffl-r^o naff 5 o. 5 ni, tt±ffiii<otH^t@ 

5 ltf»BRrfiBt*oTV^ 0 Sfc, tIStt5 0, 5 1 

50 fflr^cHStsso, 5 1 »cfijeu:<osas«fcra«ott 
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TkOtBWCioTSfi 6 0. 6.1^25 
[0 0 5 3] ffiSBISI¥®5 5fctt* CCDW 

*tt*«ffiffl-r«*^ *siaiSMTttccD«:ffiffl-r*o 

C C D 5 5 k LTJi, 0!l*tf, WV-CD52 (tiTFVBSXt 
(ft) ID OCCDS/7fA*ei\ SJE&fcftfr&tt 
H*TV*-*-5 6fcT*-*--L4ft<&, fi&lfS 
1 *TRU 83&&<®«6 0.6 1 *fita£t>^ * 
O&£6 0. 6 lOBH^m^OfifcftSidfcJfEE 
U -*0«ttT. fifltt 5 0.5 1 *rtLT±T*Glfr • 



(8) ■ »BBV9-7 3 0 7 5 

14 

£!lfi£0fll kl««©iraX7***-*rtE) *JSLfc« 
Wr^o ^<D&. ffi«6 0. 6 10KVCMIMU 
fifllff5 1*±*£tt« *M5«?*»0ffl-r. £5 

[0 0 5 4] COli«Sfl!lfc:«fc*k. «fi85«8 : ?fc:tt$' 
4t^-4«UHK*f**«S Dft<B*«c ktf 

[00 5 5] 
[«2] 







*tt#4 






T. (If) 


0 4 0 9 


0, 0 9 


0. 1 S 


0.0$ 




8 1.0 


8 1.7 


e i. a 


8 0.9 


V,. (V> 


4. 2 


4. 3 


4. 2 


4. a 


v J# <v) 


5. 8 


6. 9 


6. 9 


6. 6 


CR 


9 1 0 


B 08 


62 9 


10 11 




1.8 8 


1. S7 


1.4 0 


1.28 




9 7. 0 


05. 9 


9 5. 2 


0 7. 1 



[0 0 5 6] §Hfifc0J7 

&JS0J6fc*^T, fflEfcBU ffite^b-£fcSlfi6 
0. 6 1*4 0 < C(CML4^e»kJ>o< OtfflJE^T 

i\ www^2 5°c (mm&m) c&£*r 

TU JBS»M*ffdci:«r1#afcr«feOT**. cn 

[0057] msms 

om&mmzi stwcimipu m&mmkLM^*? 

2 51C?-£k4ofc», ttRlWLfc. CtttcJzoT. 

^jfiseu 7 <fc o ^> * & ^«aoft t^ftKMsaRT* 
[o o s 8] ft*, «%n«-effiffiu^ea»h:i6£s 

0«**S*ckffT£S 0 

O */^-fcLT2-x?vl/'\*2'/U7i'yU— h (* 
*5-f*X* (MO B 3.0wtV Z-tKo+S/x^A/T 
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